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CLAIMS 



lated DNA which is the ced-3 gene. 



having the nucleotide sequence of 
• ID #18) 




Isolated DNA 
Figure 4 (Seq. ID 



encoding the amino acid sequence of 
#3h 

( 



Isolated RNA encoded by theN^NA of Claim 1. 
Isolated protein enc^£ed by the DNA of Claim l. 

tl*£ amino acid sequence of 



Isolated protein having 
Figure 4 (Seq. ID #19). 




I 



An antibody directed against the protein of Claim 
6. 

Isolated DN^\which is a mutated ced-3 or ced-4 
gene having a notation which affects the activity 
of the gene. 

( 

The DNA of Claim 8, \herein the mutated ced-4 gene, 
is selected from the g^pup consisting of: 





a) 


nll62 




b) 


n2274 


20 


c) 


U1920 




d) 


n2247 




e) 


n2273 




f) 


U1948 




g).-:i 


U1947 


25 


h) 


nl894 



and 
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10 



10. T>m DNA of Claim 8, wherein the mutation in ced-4 
results in an alteration selected from the group 
consisting of: 

a) «\t° termination at codon 40; 

b) R to termination at codon 139; 
\ 

c) I to N at codon 258; 

d) Q toXtermination at codon 2 62; 

e) W to termination at codon 4 01; and 

f ) an alteration in mRNA splicing resulting from 
a chancre at nucleotide 6297. 



15 



11. The DNA of Cladm 8, wherein the mutation in ced-4 
is selected fr^m the group consisting of: 

a) C to T at nucleotide 1131; 

■ \ 

b) C to T at nucleotide 1428; 

\ 

c) G to A at nucleotide 1929; 

\ 

d) T to A at nucleotide 2117; 

\ . 

e) C to T at nucleotide 2128; and 

\ 

f) G to A at nucleoside 3131, 

12. The DNA of Claim 8, wherein the mutated ced-3 gene 



20 


is 


selected 


from 




a) 


TilO 40} 






b) 


n718; 






c) 


112433 ; 






d) 


nil 64', 




25 


e) 


n717; 






f) 


nl949; 






g) 


nl286; 






h) 


nll29 ; 






i) 


nil 6 5; 




30 


j) 


n2430; 






3c) 


n242 6; 


and 




1) 


n!163 . 






10 
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13. TheVDNA of Claim 8, wherein the mutation in ced-3 
results in an alteration selected from the group 
consisting of: 
a) L \o F at codon 27; 
G tq R at codon 65; 
G to\S at codon 360; 
Q to germination at codon 403; 
Q to termination at codon 417; 
W to termination at codon 428; 
A to V at\ codon 449; 
A to V at \odon 466; 
E to K at c\don 483;- 



b) 
c) 
d) 
e) 
f) 

g) 

h) 
i) 

-j) 




S to F at codpn 486; /a 

an alteration \n mRNA splicing at nucleotide 
6297. 

/ 

14. The DNA of Claim 8, wheVein the mutation in ced-3 



is 


selected 


from the groVp 


cons 


a) 


C 


to 


T 


at 


nucleotide^ 


2310; 


b) 


G 


to 


A 


at 


nucleotide 


2437; 


c) 


G 


to 


A 


at 


nucleotide 


57® 7 ; 


d) 


' C 


to 


T 


at 


nucleotide 


594*0; 


e) 


G 


to 


A 


at 


nucleotide 


6297 \ 


f) 


C 


.to 


T 


at 


nucleotide 


6322 ; 


g) 


G 


to 


A 


at 


nucleotide 


6342; 


h) 


C 


to 


T 


at 


nucleotide 


643 4 ; 


i) 


C 


to 


T 


at 


nucleotide 


6485; 


j) 


G 


to 


A 


at 


nucleotide 


6535; 


k) 


C 


to 


T 


at 


nucleotide 


7020. 



and 



15. Isolated RNA encoded by the DNA of Claim 




30 16. Isolated proteiiv^ncoded by the DNA of Claim 8. 
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17. Isolated DNA which is a gene selected from the 
grdH^p consisting of: 

a) \ gene which is structurally related to the 
-3 gene ; 

b) a gehe which is^f unctionally related to the 
ced-3 gene; 

c) a gene vMch isl b^th structurally and 
functionally related to the ced-3 gene; 

d) a gene whicn\s structurally related to the 
ced-4 gene; 

e) a gene which is fictionally related to the 
ced-4 gene; and 

f) a gene which is both Structurally and 
functionally related to^the ced-4 gene, 



15 18. Isolated RNA encoded by the DNA o\ciaim 17. 





19. Isolated protein efrqpded by the DNA of Claim 17. 



20. antibody directed against the protein of Claim 

19. 



20 



25 



21. A probe fbr identifying a gene which is 

structurallySxelated tojffche ced-3 gene, said probe 
which is selected f rom ffme group consisting of: 
a) DNA having alJL or "a portion of the nucleotide 
sequence of Figure 4 (Seq. ID #18) ; 
RNA encoded by tn'k DNA of a) ; 
degenerate oligonucleotides derived from a 
portion of the amino abud sequence of Figure 
4 (Seq. ID #19) ; and 

an antibody directed againsb^the protein of 
c) . 



b) 

c) 



d) 



^probe for identifying a gene which belongs to 
same gene family as the ced-3 gene, said probe 
is selected from the group consisting of: 
\11 or a portion of a gene which is 
structurally related to ced-3; 

b) RnA encoded by a) ; 

c) DNA having the consensus sequence of a 
conserved region between at least two other 
genes which belong to said gene family; 

d) RNA encoded by c) ; 

\ 

e) degenerate^oligonucleotides derived from a 
portion of Yhe aminc^ acid sequence of a 
protein encoded by 

f) degenerate oligonucleotides dervied from the 
consensus sequence of a conserved region 
between the proteins encoded by at least two 
other genes whichx belong to said gene family; 
and \ 

g) an antibody directed against all or a portion 
of a protein encodedXby a) . 

A method for identifying a g^ne which is 
structurally related to a cell death gene selected 
from ced-3 and ced-4, comprising the steps of: 
a) combining DNA with a nucleic acid probe 

comprising said cell death \ene, or a portion 
able to specifically hybridize to said cell 
death gene, under conditions suitable for 



specific hybridization of the rtucleic acid 
probe to complementary sequenced: and 
b) detecting specific hybridization \f the 
nucleic acid probe to the DNA, whe\ein 
,f :' specific hybridization indicates that a 
structurally related gene, or portio\ is 
present in the DNA, 
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lereby identifying a gene which is structurally 
related to a cell death gene selected from ced-3 
and\ced-4 . 

f 

The method of Claim 23, wherein the DNA is a gene 
library^. 

The metho<^ of Claim 23, wherein the nucleic acid 
probe further comprises degenerate 
oligonucleotides derived from the amino acid 
sequence of \he. produdt of the cell death gene. 




A method for i^entif^i^ig a gene which is 
structurally related to a cell death gene selected 
from ced-3 and ced-4, comprising the steps of: 

1) combining nucleic acid with primers 
comprising portions of said cell death gene 
under conditions suitable for polymerase ■ 
chain reaction; \md 

2) detecting specific DNA amplification, wherein 
specific DNA amplification produces a 
structurally relate^ gene, or portion, 

thereby identifying a gene which is structurally 
related , to a cell death gene selected from ced-3 
and ced-4 . V 

\ 

The method of Claim 26, wherein the primers 
further comprise degenerate oligonucleotides 
derived from the amino acid sequence of the 
product of the cell death gene. 



10 
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A method for identifying a gene which is 
structurally related to a cell death gene selected 

om ced-3 and ced-4 , comprising the steps of: 
a)\ combining an expression gene library with an 
antibody directed against the protein encoded 
py said cell death gene under conditions 

uitable for specific antibody-antigen 
binding of the antibody to antigens expressed 
from the gene library; and 

detecting specific antibody-antigen binding, 




b) 



whereYn specific antibody-antigen binding 
indicates that a structurally related gene is 



present\^in the expression gene library, 
thereby identifying a gene which is structurally 
related to a ce^ll death gene selected from ced-3 
and ced-4 . 



20 



29. A bioassay for identifying a cell death gene, 
comprising the step^of: 

a) using a gene and a nematode selected from a 
nematode having reduced activity of a cell 
death gene and a w<Lld-type nematode to 
produce a transgenic nematode; and 



25 



30 



30 



b) 



determining in said \ransgenic nematode an 
increase in cell deaths which occur during 
the development of the \nontransgenic 
nematode, wherein an increase in cell deaths 
indicates the activity of\a cell death gene, 
thereby identifying a cell death gene. 

/ 

The bioassay of Claim 29, wherein \he nematode 
underexpresses or expresses an inactivated form of 
a 1 gene selected from ced-3 and ced-4. 



33 
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Th e bioassay of Claim 29, wherein the gene is from 
an organism other than a nematode. 




bioassay of Claim 29, wherein the gene is a 
component of an expression gene library. 



Isolated DNA which is a ^ cell death gene identified 
by the ^ioassay of Claim 29. 



34 
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20 



A bioassay to identify a mutation in a cell death 
gene which\alters the activity of the gene, 
comprising the steps of: 

a) using a\nutated cell death gene and a 

nematode 'selected from a nematode having 
reduced activity of a cell death gene and a 



wild-type nematode 
nematode; an^ 



:o produce a transgenic 



b) comparing cellV deaths which occur during the 

\ 

development of the transgenic nematode having 
the mutated genA with those which occur in a 
transgenic nematode having a non-mutated 
gene, wherein a difference in cell deaths 
indicates that the mutation alters the 
activity of the cell death gene, 
thereby identifying a mutation in a cell death 
gene which alters the activity of the gene. 



35. Isolated DNA which is a cell death gene having a 

v ✓ 

25 mutation identified by the bioassay of Claim 34. 



36. The isolated DNA of Claim 35, wherei\ the mutation 

has a result selected from the group consisting 
of: 

a) inactivation of the cell death gene;^ 



10 



15 



25 
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* 




constitutive activation of the cell death 
gene; and 

production of a mutated gene which does not 
cause cell death and which antagonizes the 
ctivity of functioning cell death genes . 

A bioassay for identifying a gene which affects 
the activity of a cell death gene, comprising the 
steps of: 

a) using a^gene and a nematode containing a cell 
death gene to produce a transgenic nematode; 
and 

b) determining in saidi/ transgenic nematode a 
difference \n cell jpSaths from cell deaths 
which occur \iuring [the development of the 
nontransgenic\ nematode, wherein a difference 
in cell deathsXindicates a gene which affects 
the activity of\a cell death gene, 

thereby identifying aYgene which affects the 
activity of a cell death gene. 

f 

The bioassay of Claim 37, \ wherein the cell death 
gene is selected from the group consisting of; 

a) a wild-type gene; 

b) an underexpressed gene; 

c) a gene having reduced activity; 

d) an over expressed gene; and^, 

e) a gene having hyperactivity^.. 




39. The bioassay of Claim 37, wherein t&e gene is a 
component of an expression gene librae 



30 



40. 'An isolated gene identified by the bioassay of 



Claim 37. 



# # 
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41. \^A bioassay for identifying an agent which mimics 
:he activity of a cell death gene, comprising the 
s\eps of: 

a) \ introducing an agent into a nematode selected 
from a nematode having reduced activity of a 

ell death gene and a wild-type nematode; and 

b) detecting an increase in cell deaths which 
occur in the nematode, wherein an increase 
indicates that the agent mimics the activity 

10 of aN^cell death gene, 

thereby identifying an agent which mimics the 
activity of a cell death gene. 

42. The bioassay of Claim 41, wherein the nematode 
underexpresses \>r expresses an inactivated gene 

15 selected from ceti-3 or <y%d-4 . 

43. The bioassay of Claim 4j^,4wherein the agent is 

introduced into the\nematode by a method selected 

from: microinjectioX, diffusion, ingestion and 

\ 

shooting in with a particle gun. 

/ 

20 44. An agent identified by the bioassay of Claim 41. 




45. A bioassay for identifying an agent which affects 
the activity of a cell death gene, comprising the 
steps of: 

a) introducing an agent into a\nematode which 
25 expresses a cell death gene; \nd 

b) detecting a change in the pattern of cell 
deaths which occur in the development of the 
nematode, wherein a change indicates that the 
agent affects the activity of the o§ll death 

30 gene, 




thereby identifying an agent which affects the 
ctivity of a cell death gene, 

ioassay of Claim 45, wherein the nematode 
expresses an endogenous cell death gene or a cell 
death gene which is a transgene. 





/ 4 7 .J The bioassay of Claim 46, wherein the cell death 
gene is ced-3 or ced-4. 

I 

48. The bioassay\of Claim 45, wherein the nematode 
overexpresses\ or unde^expresses the cell death 

10 gene. \ 

\ 

49. The bioassay of <21ai$i 45, wherein the nematode 

\ . 

expresses an inactivated or constitutively 

\\ * 

activated form of the cell death gene. 

>\ 

v 

50. The bioassay of Claim\45, wherein the nematode 

15 underexpresses or expresses an inactivated form of 

a gene selected from ced-3 and ced-4. 

7 

51. An agent identified by the\ bioassay of Claim 45. 

\ 

52. The agent of Claim 47 which is selected from the 
group consisting of: \^ 

20 a) single stranded nucleic acid having all or a 

portion of the antisense sequence of the cell 
death gene which is complementary to the mRNA 
encoded by the gene; 
b) DNA encoding a) ; and 

25 c) an antagonist of the cell death gfene, 
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AAmethod for altering the occurrence of cell 
death, comprising altering in the cell the 
activity of a cell death gene. 

The method of Claim 53, wherein the cell death 
gene is ced-3 or ced-4. 

The method of\Claim 53, comprising exposing the 



cell to an agent which alters or mimics the 
activity of a cell death gene in the cell under 
conditions appropriate for activity of the agent. 

N 

The method of Claim\55, wherein the activity of 
the cell death gene i% increased, comprising 
exposing the cell to ah ageifv selected from the 
group consisting of: \ 

a) DNA comprising the cel| d^th gene, or active 
portion thereof; 

b) RNA encoded by the cell\death gene, or active 
portion thereof; 

c) protein encoded by the ceiM death gene, or 
■ active portion thereof; \y 

d) an agent which is structurally similar to and 
miinics the activity of the protein encoded by 
the cell death gene; \ 

e) DNA comprising a const itutively ^activated 
form of a cell death gene, or active portion 
thereof; \^ 

f ) RNA encoded by the DNA of e) , or active 
portion thereof; \ 

g) protein encoded by the DNA of e) , or active 
portion thereof; 

h) an agent which is structurally similar £b and 
mimics the activity of the protein encoded^ by 
the DNA of a) ; and 



-79- 



i\ an agonist of the cell death gene, 
under conditions appropriate for the activity of 
the \igent • 

The method of Claim 55, wherein the activity of 
the celU death gene is decreased, comprising 
exposingi the cell to an agent selected from the 
group consisting of: 

a) single stranded nucleic acid having all or a 

portion of the antisense sequence of the cell 

\ 

death gene whichftis complementary to the mRNA 
\ 

of the gene; 

b) DNA which\direct| ^the expression of a) ; 



c) a mutated cell death gene which does not 
cause cell \eath and which antagonizes the 
activity of \he cell death gene; 

d) RNA encoded l}y c) ; 

e) protein encoded^ by c) ; and 

f) an antagonist of^the cell death gene, 
under conditions appropriate for the activity of 
the agent. 



A method for reducing the^ proliferative capacity 
or size -'of a population oft cells, comprising 
increasing the activity of^a cell death gene in 
the cells. 

r 

The method of Claim 58, wherei^ the cells are 
selected from: 

a) cancerous cells; 

b) infected cells; 

c) cells producing autoreactive 
%?:} antibodies; and 

d) hair follicle cells. 
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( 



Tft£ method of Claim 58 , wherein the cell death 
gense is selected from the group consisting of: 
yced-3 ; 

cell death gene which is structurally 
related to ced-3 ; and 

a g^ne which is functionally related to 
ced- 



The method \f Claim 58, wherein the cell death 
gene is selected from the group consisting of: 

a) ced-4; \ 

b) a cell death gene which is structurally 
related to\ced-4 ;pJWd 



c) a gene which is 
ced-4 . 




ctionally related to 



A method for treating a condition characterized by 

is&ng decreasing the activity of 



cell deaths, compr 
a cell death gene. 



The method of Claim 62a wherein the condition is 
selected from the group \consisting of: 

a) myocardial infarction; 

b) stroke; 

c) degenerative disease; 

d) traumatic brain injury] 

e) hypoxia; 

f) pathogenic infection; 

g) aging; and 

h) hair loss. 



« 
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64. ^ method for treating a parasitic infection of a 
h^3t animal, comprising administering an agent 
whj^ch increases the activity of a cell death gene 
specific to the parasite and which does not harm 
the host animal. 



65. The method of Claim 64, wherein the parasite is a 
nematode, 



10 



66. A method foA incapacitating or killing a pest, 

comprising inereasin|f^the activity of a cell death 
gene in the pest. 
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63 




A method of biological containment of a 

recombinant organism, comprising introducing in 

the organism nucleic^acid which is able to direct 

\ 

the expression of an accent which increases the 
activity of a cell deatlkgene in the organism- 
under predetermined conditions, thereby 
incapacitating or killing tiie recombinant 
organism. 

/ 

The method of Claim 67, whereirkthe agent kills 
the recombinant organism upon completion of a 
desired task by the organism. 



